Although a great progress has been achieved for the development of NF membranes and technologies and SRNF do show a great potential in the separation of organic components, an NF membrane with good separation performance and good resistance to organic solvents are urgently needed for a more complicated situation in practical. In this study, a kind of solvent-resistant nanofiltration (SRNF) membrane was fabricated via interfacial polymerization on a laboratory optimized cellulose acetate (CA) basic membrane. The effects of interfacial polymerization parameters, such as water phase concentration, immersed time in the water phase and in the organic phase, on the pure water flux and rejection rate of C-2R yellow dyestuffs were investigated. A highest dye rejection rate of 72.9% could be obtained by water phase solution containing 1% m-xylylenediamine (mXDA) and organic phase solution with 0.2% trimesoyl chloride (TMC) under immersed time in water phase of 6 minutes and in organic phase of 40 seconds. This membrane demonstrated better resistance to methyl alcohol compared to commercial membrane. This study may offer an avenue to develop a solvent-resistant nanofiltration membrane.
purify wastewater is becoming increasingly important in facing the current global water crisis. Traditional membrane processes are driven by the transmembrane pressure, which generally include microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO). NF membrane with a molecular weight cut-off of 350 -1000 Da [1] is regarded as a separation process between UF and RO. Due to the repulsive effect and the steric hindrance effect, NF membranes are able to effectively reject multi-valent salts and some organic molecules with small sizes [2] . With the fast development of NF membranes, the need for NF membranes is also growing rapidly. There is a huge demand for NF membranes with excellent performance in some industries or processes like wastewater treatment [3] , food processing [4] , desalination [5] and removal of heavy metals [6] .
In the past several decades, great efforts have also been taken to develop polymeric NF membranes with different kinds of materials including inorganic and polymeric materials. Compared to inorganic materials, the polymeric materials are flexible and prone to form membranes. As a result, the commercial NF membranes are mainly prepared with organic materials like polyamides (PA) [7] , cellulose acetate (CA) [8] , polyether sulfone (PES) [9] , polyimide (PI) [10] and polyvinyl alcohol (PVA) [11] , which is fabricated by phase inversion method.
In addition, the invention of thin-film composites (TFC) revolutionizes the traditional awareness towards NF membranes. Different from phase inversion method, TFC membranes are composed of a selective layer on a porous support.
Constructing a separation layer by interfacial polymerization (IP) on the support layer of UF membrane can significantly improve the properties of NF membrane. IP is a quite common technique to construct the selective layer of TFC membranes [12] . In a typical process, a polymeric UF membrane is first soaked in an aqueous solution of amine monomers like m-phenylamine (MPD), triethanolamine (TEOA), piperazine. Subsequently, the membrane will be dipped in an organic solution containing the crosslinker, trimesoyl chloride (TMC) [13] [14]. The two phases may quickly react to yield the PA selective layer on the porous support.
In recent years, solvent-resistant nanofiltration (SRNF) has been an emerging technology. Organic matters with molecular weights between 200 and 2000 g·mol-1 can be separated by a SRNF membrane [15] . In this way, membrane could have more efficient separation processes in organic solvents and the energy cost of the operation can be saved compared to some traditional processes like distillation. Therefore, the potential of SRNF now has made itself to be applied in catalysis [16] [17] [18] , food processing [19] [20] , chemistry industry [21] [22] and the membrane bioreactors (MBR) [23] .
Although a great progress has been achieved for the development of NF membranes and technologies and SRNF do show a great potential in the separation of organic components, a NF membrane with good separation performance (Shanghai, China). mXDA and TMC are provided by Sigma-Aldrich (America).
Preparation of the Basic Cellulose Acetate Membranes
CA membranes were fabricated by non-solvent induced phase separation (NIPS) method [24] . In order to optimize the constituents of CA membrane, 12 different types of membranes were prapared. The recipes of all the membranes are shown in Table 1 .
The phase inversion process was used to prepare the membranes. In detail, the casting solution was prepared by adding polymer CA and additives in DMAc or DMSO or their mixture. The prepared solution was mechanically stirred at 70˚C for 6 hours. After thorough mixing, the casting solution was left for 24 h for degassing (at the same temperature without stirring). The casting solution was casted at a speed of 1.2 -1.4 m/min on a glass plate at temperature of 60˚C. The polymer films were shortly (10 s) exposed to ambient air and then immersed in a DI water coagulation bath at room temperature. After complete coagulation, the membrane was transferred and kept in ultrapure water for overnight to attain complete removal of solvent from the membrane.
Preparation of the Solvent-Resistant NF Membranes
The SRNF membranes were prepared via interfacial polymerization. The specific procedures are described as follows. 
Characterization
The surface and cross-sectional morphology of prepared membranes were observed by scanning electron microscopy (SEM, Sirion 200, FEI).
The chemical structure and composition of the surface of membranes were analyzed by Fourier transform infrared spectra (FTIR, Thermo Fisher, Nicolet 6700). The samples were dried before characterization.
The degrees of crystallinity of membranes were indicated by X-ray diffractometer (D/MAX-313, Japan). The scanning angle ranged from 5˚ to 70˚ and the scanning speed was about 3˚/min.
The porosity of the membrane can be determined by using Equation (1)
where W w is the wet weight of the membrane, W d is the dry weight of the membrane, A m is the total membrane area, L is the thickness of the membrane and 2 H O ρ is the density of water.
Performance Evaluations
Separation performance of the membranes was measured in a dead-end stirred The water permeate flux (J w ) and solute rejection (R) were calculated by Equations (2) and (3):
where V (L) was the volume of permeated water, A (m Table 2 provides the details of the performance (including viscosity, porosity, pure water flux and rejection rate of BSA) of twelve lab made CA membranes.
Results and Discussion

The Performance of Lab Made CA Membranes
Membrane 4, containing 15% acetic acid fiber, 400 ml DMF and 1% PEG4000, was selected as the basic membrane for further interfacial polymerization, as it resulted in the high selectivity of BSA, appropriate porosity and an acceptable pure water flux. Figure 2 shows the effect of mXDA concentration on the water flux and dye rejection. When the mXDA concentration increased from 1 to 4 wt%, water flux first increased from 4.74 to 5.38 LMH, then decreased from 5.38 to 4.85 LMH and finally increased again from 4.85 to 6.1 LMH. The rejection rate of C-2R yellow gradually decreased from 59.0% to 33.1%. Figure 3 shows the FTIR spectra of NF membranes formed by different mXDA concentration. As shown in Figure 3 , membranes with lower water phase concentration may have stronger absorption peak intensity at the characteristic wavelength. During the process of interfacial polymerization, due to the low concentration of mXDA, the diffusion speed and capacity will become slower and less. This will cause excess amounts of TMC remained in reaction medium which brought more liner amide unit with acid pedant group and therefore the ratio of 1740/1640 increased. As a result, the performance of NF membrane gets worse with the increase of water phase concentration. Table 3 presents the degree of crystallinity of NF membranes with different water phase concentration. It can be concluded that the water phase concentration does little impact on the degree of crystallinity.
Optimization of Interfacial Polymerization Reaction
The Effect of Aqueous Phase Concentration
According to the results shown above, in order to get a high rejection rate of dyes and a large pure water flux, the mXDA concentration was fixed at 2% in the following experiments. Figure 4 Figure 6 shows the effect of immersed time in organic phase on the water flux and dye rejection. From Figure 6 , when immersed time in TMC increased from 10 s to 180 s, the pure water flux reaches its maximum at 120 s. On the contrary, the rejection rate of C-2R yellow increases first and decreases subsequently. This phenomenon implies that when the immersed time in the organic phase was less than 40 s, the polyamide layer may constantly improve with the reaction time increases.
The Effect of Aqueous Phase Immersing Time
The Effect of the Organic Phase Immersing Time
Therefore, the flux decreases and rejection rate increases before 40 s. While the immersed time in the organic phase was more than 120 s, the formed functional layer started to become the barrier between the two reaction phases and it prevented the monomer from diffusing to the interface. As a result, the pure water flux and rejection rate maintained constant after 120 s. In view of the rejection rate, the optimal condition in the organic phase is set to 40 s. Figure 7 shows the FTIR spectra of NF membranes formed by different immersed time in TMC. The absorption strengths of characteristic peak at 1740/1640 of 10 s and 60 s were stronger.
With the increase of reaction time in TMC, the strength at this value was becoming weaker except the one immersing in TMC for 60 s. However, taken the degree of crystallinity as shown in Table 5 , 40 s could be the best choice since highest degree of crystallinity means the highest tensile strength. The tightly stacked molecular chains in the crystals can better prevent the penetration of various kinds of reagents and improve the solvent resistance and rejection of membranes.
Study of the Optimal Polyamide NF Membrane
FT-IR Analysis
After preparing the polyamide NF membrane under the selected optimal treat- 
Morphology Changes in Methanol
The polyamide nanofiltration membrane was prepared by the optimal condition first. In order to test the endurance of this fabricated NF membrane towards organic solvent, the farbricated membrane was immersed in methanol for one day and then its performance and surface morphology were tested. Figure 9 , the pore size of the SRNF membranes ranged from 1 to 51 nm, which implies that the fabricated membrane was nanofiltration membrane. After dipped into methanol for 1 day, CA membrane didn't show obvious swelling on its surface but the pore size of the dipped membrane also decreased a little.
Performance of the Optimal Polyamide NF Membrane
From above, the optimal conditions for the SRNF membranes were confirmed.
Three different types of membranes, lab optimized CA membrane, commercial CA membrane and CA membrane with support layer, were compared for their resistance to organic solvent. The results are shown in Figure 10 and Table 6 . Figure 10 shows the picture of different CA membranes after immersed in methanol for 1 day. It is obvious that the commercial membrane has swelling on its surface after immersed in methanol while the lab made one didn't show obvious change. Table 6 shows the performance change of several membranes before and after immersed in methanol. It can be concluded that membranes with support layer may have great performance degradation after immersion in methanol. Although the optimized CA might also have performance degradation after immersion in methanol, the related SRNF was quite stable towards organic solvent. The lab 
